Introduction: In recent years, 'nanoscience', 'nanotechnology', and 'nanofabrication' have been the focus of the science and technology community in both academia and industry. This technological trend points to a general interest in ever smaller and more compact devices and systems. Furthermore, as integrated circuit feature sizes continue to shrink and chip sizes continue to expand, conventional electrical interconnects and switching technologies are rapidly becoming critical issues in device and system integration. New devices, new interconnects and new integration schemes must be developed to meet the demand for high-density data communication and high-speed data processing.
'Siliconising' photonic devices or making them compatible with silicon microelectronic technology is one of the most promising approaches to fulfil the requirement of extending 'Moore's Law' and producing ever smaller, more compact and less expensive devices and systems, because this approach will be able to leverage the well established semiconductor manufacturing facilities and fabrication methodologies. It is in this view that world communities have been greatly increasing their investment and research efforts in this fast growing area for a few years now.
China, as one of the largest economic entities, also realises the importance of this emerging research area and is increasing its investment towards further and deeper innovations in silicon-based micro/nano integration. This Letter reviews recent developments and speculates on future trends of silicon photonics research in China. This programme is intended to develop key active and passive optical components, which are compatible with microelectronic devices in both size and material, so that they can be integrated into a single chip using the silicon microelectronic technology and infrastructure. The ultimate goal of this programme is to develop the next generation of compactly integrated low-cost optoelectronic systems that may be used for real-time sensing/detection, high-density data communications and high-speed control/actuation.
To further the research and development in silicon photonics in China, the MOST allocated even more fund to support another project entitled 'Fundamental research on silicon based light emitting materials and optical interconnects' (973 grant 2007CB613400) in 2007. This project is also focused on the chip scale integration between photonics and electronic devices, but concentrates on developing light emitting materials for possible electrical pumped light emitting devices. In addition, NSFC funded its first national level key programme 'Silicon based micro/nano photonics devices and integration' in 2008 to address issues such as optical coupling and interconnection, processing compatibility, fabrication technology, testing and measurement etc.
Besides these national level key programmes, a number of general and smaller silicon photonics-related programmes have also been initiated in recent years in China. They either try different ways to teach silicon more photonics tricks, such as surface-plasmon-polariton enhanced silicon optical amplifier [1] , 1.53 mm photo-and electroluminescence from Er 3þ in erbium silicate [2] , or address a particular existing issue such as light emitting efficiency, coupling efficiency [3] , modulation efficiency and speed [4] , or miniaturisation.
It can be seen that since 2006, Chinese funding agencies have begun to increasingly invest in this emerging area from different funding levels. This trend is expected to continue for another 5-10 years.
Research progress: In recent years, particularly since 2005, Chinese scientists have been making progress in silicon photonics research and are beginning to increase their publications in journals and conferences. These can be summarised in the following four categories: light emitting devices, passive devices, slow light devices, and sensors and modulators.
Three major academic institutes are involved in silicon based light emitting devices research: Peking University, Nanjing University and Nanchang University. Recent progress from Peking University include a two-order photoluminescence enhancement of Er-doped Ni-Si-O compounds compared with that from Er 3þ in Si-rich SiO 2 under the same annealing temperature [5] , strong enhancement of Er 3þ 1.54 mm electroluminescence through amorphous Si nanoparticles [6] , electroluminescence from single n-InP nanowire/p-Si heterojunctions [7] , and a highly efficient Si-based light source using bis(2-phenylpyridine) iridium(III) acetylacetonate [(ppy)(2) Ir(acac)] phosphor as emitters [8] . Nanjing University's research achievement extends to several areas: they have studied the electroluminescence of nano-crystalline Si/SiO 2 multilayers and found that the EL intensity is enhanced about 50 times and the turn-on voltage can be lowered to 3 V by using the pin structure [9] ; reported green -yellow EL in N-rich oxidised amorphous silicon nitride (a-SiN:O) [10] and Si-rich a-SiN:O [11] ; obtained lower turn-on voltage, higher external quantum efficiency, and stronger EL in Si-rich a-SiN:O than in N-rich a-SiN:O owing to the enhanced carrier efficiency in Si-rich a-SiN:O; fabricated silicon-based 3D optical cavities with a minimum size of 1.0 mm, which have a similar effect to quantum dots [12] ; fabricated sub-10 nm silicon oxide nanowires in aqueous suspension and observed strong blue emission in the quantum confined Si nanocrystals in the knots [13] ; and the most important is the research of 1.54 mm photoluminescence emission from erbium-droped HfO 2 films [14, 15] . Nanchang University has fabricated silicon-based InGaN blue light-emitting diodes and observed electroluminescence peaks at 460 nm with an FWHM of about 28 nm at 20 mA [16] . They have also carried out a study of photoluminescence from porous silicon treated by acid to make more O atoms absorb onto the surface [17] .
As for silicon-based passive devices research, Chinese scientists have mainly focused on ring resonators, photonic crystal based devices, grating couplers, slot waveguides, etc. More specific progress is as follows.
Zhiping Zhou's group at Peking University proposed to use Si-based compact diffractive components for coupling, splitting and reflection in integrated optical circuits. Three device-related projects were carried out. First, a novel subwavelength grating, binary blazed grating (BBG), is used as a high efficient vertical coupler from singlemode fibre to Si waveguide. By using the strong polarisation dependence of the BBG coupler, a polarisation beam splitter (PBS) is proposed to split the polarisations of input light from fibre into two waveguides separately, during the coupling process. The coupling length is only 14 mm. The extinction ratio is better than 20 dB for both polarisations over a 40 nm wavelength range and the coupling efficiencies for two polarisations are 58 and 50%, respectively [18] . Secondly, a broadband and high efficient mirror based on the BBG has been designed and fabricated. Up to 96% reflectivity over a wavelength range of 1.2-1.7 mm was achieved both theoretically and experimentally [19] . Finally, a nanoscale pillar waveguide has been proposed as an ultra-small nanotaper for mode conversion between the fibre and submicron waveguide. It has been demonstrated that a 13 mmlong taper is able to convert a mode size of 4 mm into 1 mm with an efficiency of 85% [20] . S. Chen's group at the Institute of Semiconductors, CAS, has been working on a ring resonator and measured a quality factor of 21 200 and an extinction ratio of 12.5 dB at a resonant wavelength of 1549.32 nm [21] . In simulation of the slot waveguide, this group showed nearly 30% enhancement of optical intensity compared with the traditional single-slot waveguide with the same slot gap width [22] . H. K. Tsang's group at the Chinese University of Hong Kong has been working on silicon photonics for a while and made by far the best progress compared with other Chinese research groups in mainland China. His recent achievements include an SOI coupler with efficiency of over 34% and a 3 dB bandwidth of 45 nm [23] , he has experimentally demonstrated a 10 Gbit/s differential-phase-shift-keying demodulator using ring resonators [24] . S. He's group at Zhejiang University have made a grating triplexer with 1310, 1490 and 1550 nm wavelengths and reduced the average loss of all channels to about 210 dB [25] .
The first few publications from China on silicon-based slow light devices was in 2007. Now there are seven groups doing research on this topic: three groups from Shanghai Jiaotong University and one group each from Peking University, Tsinghua University, Beijing University of Posts & Telecommunication, and the Institute of Semiconductors, CAS. Three approaches are taken to slow the light: microring resonators, photonic crystals and nanowires.
Three groups, the SPM group at Peking University headed by Z. Zhou, the W. Zheng group at the Institute of Semiconductors, CAS, and Y. Su' s group at the Shanghai Jiao Tong University, are doing both theoretical design and experimental work on silicon-based slow light devices. Z. Zhou's group has investigated the slow light behaviour in photonic crystal waveguides to develop ultra compact M-Z modulators [26] ; they have also studied the slow light behaviour in novel nano pillar waveguides [27] . Y. Su' s group is focusing on the slow light in silicon microring and silicon nanowires. The group studied the delay performance of three modulation formats, nonreturn-to-zero (NRZ), return-to-zero (RZ), and differential phase-shift keying (DPSK), at different data rates in silicon microring resonators based on the thermal nonlinear effect [28] [29] [30] [31] [32] . W. Zheng's group has theoretically investigated the transmittance efficiency in various photonic crystal waveguide bends in SOI material systems, they also did some experiments on the impact of imperfect symmetry on band edge modes of a two-dimensional photonic crystal with square lattice in InP material system [33, 34] .
Four other groups have been doing theoretical studies on slow light effects. C. Jiang's group at the Shanghai Jiao Tong University proposed an asymmetric photonic crystal waveguide and a modified line defect waveguide for slow light [35] [36] [37] [38] . H. Y. Dong's group at the Tsinghua University found that zero-dispersion slow light with wide bandwidth can be realised owing to anti-crossing of the incident waveguide mode and the adjustment waveguide mode by introducing an adjustment waveguide besides the incident waveguide [39] . Y. Ji's group at Beijing University of Posts & Telecommunication studied the slow light propagation in the line waveguide with a square lattice of rods in air [40] [41] [42] . X. Chen's group at the Shanghai Jiao Tong University proposed a novel and compact all-optical device for tunable slow and fast light propagation in parallel coupled structures consisting of two dissimilar optical nanowires [43] .
There are nine academic institutes researching silicon based sensors and/or modulators in China at the present time: Peking University, Tsinghua University, Zhejiang University, City University of Hong Kong, East China Normal University, Zhengzhou University, China Jiliang University, the Hong Kong University of Science and Technology, and the Institute of Semiconductors, CAS. Major progress has been made as follows.
Silicon-based sensors: Z. Zhou's group reported a dual waveguide coupled microring resonator sensor based on intensity detection [44] and a highly sensitive field effect charge sensor for direct detection of biomolecules [45] . H. Zhang's group presented a novel way to monolithically integrate micro-cantilever sensors and signal conditioning circuits by combining SOI CMOS and SOI micromachining technologies [46] . To improve the sensor performance and reduce the system volume, an integrated sensor system composed of a piezoresistive cantilever array, a temperature-compensation current reference, a digitally controlled multiplexer and an instrument amplifier has been designed and fabricated. L. Liu's group reported the design, fabrication and characterisation of a piezoresistive microcantilever sensor fabricated on siliconon-insulator (SOI) wafers. The results showed that the piezoresistive microcantilevers fabricated on SOI wafers have the potential applications in various sensing and detection fields [47] . J. Song and N. Zhu proposed a method with a small defect in silicon nanowire waveguides applied for gas sensors [48] . Small defects with some special shapes and indexes can produce strong resonances with the incident light and induce large loss. Since the silicon waveguide has air cladding, the position of resonant peaks will be sensitive for the variation of the ambient air composition. Z. H. Chen et al. described how SiNWs were functionalised by metal Pd nanoparticles and fabricated into a hydrogen sensor [49] [50] [51] . Upon exposure to 5% hydrogen, the current signal of the sensor increased by about 20 times. The response time was only three seconds, which is much faster than that of the macroscopic Pd wire sensor. Pd-functionalised SiNWs were shown to be a sensitive hydrogen sensor with a fast response time. J. Zhang's group had designed and fabricated capacitive humidity sensors based on Ni/SiNWs nanocomposites, which exhibited improved performance compared with the sensors made from SiNWs [52, 53] . X. Li's group fabricated two humidity sensors based on silicon nanoporous pillar array (Si-NPA) by evaporating two-side comb electrodes and coplanar interdigital electrodes, and the experimental results showed that the sensor with coplanar interdigital electrodes exhibits higher sensitivity than that with two-side comb electrodes [54] [55] [56] .
Silicon-based modulators: Z. Zhou's group proposed and analysed a Mach-Zehnder modulator based on n -p -n electronic configuration and a singlemode waveguide. The excellent optical confinement together with the reverse-biased operation enabled the device with the performance of high efficiency and fast modulation [57] . J.-S. Li proposed a novel compact and integrated optical modulator, which consists of pin silicon photonic crystals with triangular lattice and a line defect waveguide [58] . The simulation results showed an optical modulator with a high extinction ratio, low insertion loss, rapid response time and small size. A. W. Poon's group demonstrated silicon microring carrier-injection-based modulators/switches with waveguide crosscoupling [59, 60] . The extinction ratio of the modulator can be as high as 10 dB at an optimum bias voltage in the order of 1 V. They also showed a silicon electro-optic modulator using a 10 mm-diameter microdisc resonator with a laterally integrated pin diode surrounding essentially the entire microdisc. The experiments revealed a modulation bandwidth of 510 MHz using a Q 16,900 resonance mode under a square-wave drive voltage of 0.9 V forward bias and 2 6 V reverse bias. J. Yu's group presented detailed design considerations and simulation results of a forward biased carrier injection pin modulator integrated on SOI rib waveguides [61] .
As summarised above, several Chinese research groups are studying silicon-based light-emitting sources. However, they are mainly focused on the light-emitting diode fabricated on traditional materials such as silicon rich silicon dioxide/nitride, amorphous silicon etc. There are also a few reports about erbium-doped light-emitting materials and sources. Research on passive devices and slow light devices are catching up with the world, but mostly in theoretical analysis and simulation. The silicon nanowire sensor is one of the hot research areas in China, which may be considered a better approach towards the integrated sensor system. Regarding the development in silicon based modulators; a key component is the high-speed phase shifter. As of now, greater than 10 Gbit/s modulation in silicon has been demonstrated by using either a MOS capacitor or a reverse-biased p-n junction phase shifter.
Conclusions: Following the trend of general interest in ever smaller and more compact devices and systems, Chinese funding agencies and scientists are working together in establishing their visibility in the silicon photonics research area. The increased funding and activity allow China to initiate, do research, and collaborate with the world at the frontiers of this particular discipline. More innovations are on the horizon. As soon as the micro/nano technology related infrastructure is improved, a stream of prototypes and new products relating to silicon photonics may be brought out for the benefit of China's continuing economic development.
